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LOW-PASS FILTER WITH A SUMMING
FUNCTION

BACKGROUND OF THE INVENTION

This invention relates to a low-pass filter for removing a
high-frequency component from an input signal and, in
particular, to a low-pass filter with an adding function.

In prior art, an echo canceller or suppressor 1s used as one

means realizing a two-way communication and 1s standard-
ized by the American National Standards Institute (ANSI)

T1. 601 in the mtegrated services digital network (ISDN).

In the two-way communication, transmission and recep-
fion are simultaneously carried out. As a result, a receiver
side receives not only a received signal but also an echo
signal where a transmission signal 1s turned back from a
transmitter side to the receiver side. The received signal,
which 1s transmitted via a transmission line, decays up to 50
dB but the echo signal only decays by about 6 dB because
almost all of the transmission signal 1s turned back via a line
transformer as the echo signal. Accordingly, there 1s a
chance that the echo signal has a higher lever of 40 dB (a
hundred times) or more in comparison with the received
signal.

It 1s therefore necessary to remove the echo signal from
the received signal in the receiver side. As a result, the
receiving side comprises an adder for removing the echo
signal from the received signal and a low-pass filter for
preventing turned-back noises in an added signal. In prior
art, the adder and the low-pass filter constitute a combina-
fional circuit having an adding function and a low-pass
filtering function, individually. In other words, the combi-
national circuit comprises the adder and the low-pass filter.
In the manner which will later be described 1in conjunction
with FIG. 2, each of the adder and the low-pass filter 1s
implemented by an operational amplifier and other periph-
eral passive elements. As a result, a conventional combina-
fional circuit 1s disadvantageous in that 1t has a large scale
or size 1n circultry and dissipates a significant amount of
POWETr.

On the other hand, an active filter 1s disclosed in Japanese
Unexamined Patent Publication of Tokkai No. He1 1-321,
716, namely, JP-A 1-321,716. The active filter according to

JP-A 1-321,716 has a plurality of filter input terminals and
a filter output terminal, and i1s implemented by only one
operational amplifier and other peripheral passive elements.
However, the active filter according JP-A 1-321,716 1s a
filter which has a summing function and a bandpass filtering
function.

More specifically, the active filter according to JP-A
1-321,716 comprises a plurality of filter mput resistors
connected to a common node and the respective filter input
terminals, an operational amplifier which has a predeter-
mined gain and which has a positive 1nput terminal, a
negative 1nput terminal connected to a reference voltage
terminal, and an amplifier output terminal connected to the
filter output terminal, a first amplifier input capacitor con-
nected between the positive input terminal of the operational
amplifier and the common node, a filter feedback resistor
connected between the common node and the amplifier
output terminal of the operational amplifier, and a second
amplifier mput capacitor and an amplifier mput resistor
which are connected between the positive mput terminal of
the operational amplifier and the reference voltage terminal
in parallel.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a low-pass filter with a summing function, which has a small
scale or size 1n circuitry
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It 1s another object of the present invention to provide a
low-pass filter of the type described, which 1s capable of
suppressing dissipation of an amount of power.

Other objects of this invention will become clear as the
description proceeds.

According to this invention, a low-pass filter comprises
first through N-th filter input terminals supplied with first
through N-th filter input signals, respectively, where N
represents a positive integer which 1s not less than two.

Connected to the first through the N-th filter input terminals,
summing and low-pass filtering means sums up the first
through the N-th filter input signals to obtain a summed
signal and removes a high frequency component from the
summed signal to produce a low-pass filtered signal. Con-
nected to the summing and low-pass filtering means, a filter
output terminal produces the low-pass filtered signal as a
filter output signal.

According to a first aspect of this invention, a low-pass
filter has first through N-th filter mput terminals supplied
with first through N-th filter 1nput signals, respectively,
where N represents a positive integer which is not less than
two, and a reference voltage terminal supplied with a
reference voltage. The low-pass filter comprises an opera-
tional amplifier having an inverting iput port, a noninvert-
ing input port, and an amplifier output port for producing an
amplifier output signal. The noninverting 1nput port 1s con-
nected to the reference voltage terminal. An amplifier input
resistor has an end connected to the mverting mput port of
the operational amplifier and another end connected to a
common node. An amplifier input capacitor 1s connected
between the reference voltage terminal and the common
node. A feedback resistor 1s connected between the common
node and the amplifier output port of the operational ampli-
fier. A feedback capacitor 1s connected between the inverting
mput port of the operational amplifier and the amplifier
output port of the operational amplifier. First through N-th
input 1mpedance circuits are connected between the com-
mon node and the first through the N-th filter input
terminals, respectively. Connected to the amplifier output
port of the operational amplifier, a filter output terminal
produces the amplifier output signal as a filter output signal.
Thereby, the low-pass filter sums up the first through the
N-th filter input signals to obtain a summed signal and
removes a high frequency component from the summed
signal to make said filter output terminal produce a low-pass
filtered signal as the filter output signal.

According to a second aspect of this invention, a low-pass
filter has first through N-th positive filter imput terminals
supplied with first through N-th positive filter input signals,
respectively, where N represents a first positive integer
which 1s not less than two, and first through M-th negative
filter input terminals supplied with first through M-th nega-
tive filter input signals, respectively, where M represents a
second posifive 1mteger which 1s not less than two. The
low-pass filter comprises an operational amplifier having
inverting and noninverting input ports, and i1nverting and
noninverting amplifier output ports for producing inverted
and noninverted amplifier output signals, respectively. A first
amplifier input resistor has an end connected to the nonin-
verting input port of the operational amplifier and another
end connected to a positive common node. A second ampli-
fier input resistor has end connected to the mverting 1nput
port of the operational amplifier and another end connected
to a negative common node. An amplifier input capacitor 1s
connected between the positive and the negative common
nodes. A first filter feedback resistor 1s connected between
the positive common node and the inverting amplifier output
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port of the operational amplifier. A second filter feedback
resistor 1s connected between the negative common node
and the noninverting amplifier output port of the operational
amplifier. A first filter feedback capacitor 1s connected
between the noninverting input port of the operational
amplifier and the inverting amplifier output port of the
operational amplifier. A second filter feedback capacitor is
connected between the i1nverting mput port of the opera-
tional amplifier and the noninverting amplifier output port of
the operational amplifier. First through N-th positive input
impedance circuits are connected between the positive com-
mon node and the first through the N-th positive filter input
terminals, respectively. First through M-th negative 1nput
impedance circuits are connected between the negative
common node and the first through the M-th negative filter
input terminals, respectively. Connected to the inverting
amplifier output port of the operational amplifier, an 1nvert-
ing filter output terminal produces the i1nverted amplifier
output signal as an mverted filter output signal. Connected
to the noninverting amplifier output port of the operational
amplifier, a noninverting filter output terminal produces the
noninverted amplifier output signal as a noninverted filter
output signal.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a block diagram of a conventional ISDN
fransceiver of an echo canceller type;

FIG. 2 1s a circuit diagram of a conventional combina-
fional circuit having an adding function and a low-pass
filtering function;

FIG. 3 1s a circuit diagram of a low-pass filter according,
to a first embodiment of the instant invention;

FIG. 4 shows a time chart for use 1n describing operation
of the low-pass filter illustrated m FIG. 3;

FIG. 5 shows a Bode diagram representing a frequency
characteristic of the low-pass filter illustrated in FIG. 3;

FIG. 6 1s a circuit diagram of a low-pass filter according
to a second embodiment of the instant invention;

FIG. 7 shows a time chart for use 1n describing operation
of the low-pass filter 1llustrated in FIG. 6;

FIG. 8 shows a Bode diagram representing a frequency
characteristic of the low-pass filter 1llustrated in FIG. 6; and

FIG. 9 1s a circuit diagram of a low-pass filter according,
to a third embodiment of the instant invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, a conventional ISDN transceiver of
an echo canceller type will be described at first 1n order to
facilitate an understanding of the present invention.

The 1illustrated ISDN transceiver comprises an interface
110, a digital signal processor (DSP) 120, a digital-to-analog
(DA) converter 130, a low-pass filter (LPF) 140, a driver

150, an analog-to-digital (AD) converter 160, a low-pass
filter (LPS) 170, and an adder 180.

Transmission data 1s supplied to the digital-to-analog
converter 130 via the interface 110 and the digital signal
processor 120. The digital-to-analog converter 130 converts
the transmission data into an analog transmission signal. The
analog transmission signal 1s supplied to the low-pass filter
140. The low-pass filter removes a high-frequency compo-
nent from the analog transmission signal to produce a
low-pass filtered transmission signal. The low-pass filtered
transmission signal 1s supplied to the driver 150. The driver
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4

150 sends the low-passed filtered transmission signal as a
transmission signal to a transmission line via a resistor 210
and a line transformer 200.

The ISDN transceiver 1s provided with a balance network
(BNW) 190. The balance network 190 1s a lumped constant
or parameter circuit for simulating a transfer characteristic
of an echo pass. The balance network 190 1s supplied with
the transmission signal from the driver 150. Responsive to
the transmission signal, the balance network 190 generates
a pseudo-echo signal. The pseudo-echo signal 1s supplied to

the adder 180.

On the other hand, the adder 180 1s supplied with a
received signal via the line transformer 200 with a wrap-
around echo signal superimposed with the received signal.
The adder 180 removes the echo signal from the received
signal by subtracting the pseudo-echo signal from a com-
bination of the received signal and the echo signal. The
adder 180 produces an added signal which 1s supplied to the
low-pass filter 170. The low-pass filter 170 removes a
high-frequency component from the added signal to produce
a low-pass filtered signal. The low-pass filtered signal 1s
supplied to the analog-to-digital converter 160. The analog-
to-digital converter 160 converts the low-pass filtered signal
in to received data. The reception data 1s supplied to a user
via the digital signal processor 120 and the interface 110.

However, 1t 1s 1impossible to perfectly remove the echo
signal from the received signal using only the balance
network 190 and the adder 180. This 1s because the balance
network 190 1s the lumped constant circuit having finite
number of elements while the transmission line 1s a distrib-
uted constant or parameter circuit where 1ts transfer char-
acteristic varies on the basis of a length of the transmission
line.

Therefore, a remaining echo signal 1s removed in the
digital signal processor 120. For that purpose, it 1s necessary
not only to convert an analog signal into a digital signal by
the analog-to-digital converter 160 but also to be provided
with the low-pass filter 170 for preventing turned-back
noises at the preceding stage of the analog-to-digital con-
verter 160.

Referring to FIG. 2, the description will proceed to a
conventional combinational circuit having an adding func-
tion and a low-pass filtering function. The illustrated com-
binational circuit comprises an adder 20 corresponding to
the adder 180 and a low-pass filter 10' corresponding to the
low-pass filter 170. Each of the adder 20 and the low-pass
filter 10' 1s 1mplemented by an operational amplifier and
other peripheral passive elements 1n the manner which will
presently be described.

More specifically, the adder 20 has first and second circuit
mput terminals 20-11 and 20-12 which are supplied with first
and second circuit input signals V, and V,, respectively. The
first and the second circuit input terminals 20-11 and 20-12
are called first and second adder input terminals supplied
with the first and the second circuit input signals V, and V,
as first and second adder input signals, respectively.

The adder 20 comprises an operational amplifier 21, three
resistors R _, R,, and R_. The resistors R _, R,, and R_ are
called first and second adder input resistors and an adder
feedback resistor, respectively. The operational amplifier 21
has an 1verting 1nput port 21-1, an noninverting input port
21-2, and an amplifier output port 21-3. The inverting input
port 21-1 1s called a negative input terminal while the
noninverting input port 21-2 1s called a positive 1nput
terminal. The noninverting input port 21-2 of the operational
amplifier 21 1s connected to a reference voltage terminal 22
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supplied with a reference voltage. In the example being
illustrated, the reference voltage terminal 22 1s an earth
terminal supplied with a grounding or zero voltage as the
reference voltage.

The first adder 1nput resistor R has an end connected to
the first circuit input terminal 20-11 and another end con-
nected to the inverting mput port 21-1 of the operational
amplifier 21. In other words, the first adder input resistor R
1s connected between the first circuit input part 20-11 and the
inverting 1nput port 21-1 of the operational amplifier 21.
Likewise, the second adder input resistor R, has an end
connected to the second circuit mnput terminal 20-12 and
another end connected to the mnverting input port 21-1 of the
operational amplifier 21. In other words, the second adder
input resistor R, 1s connected between the second circuit
input terminal 20-12 and the 1nverting iput port 21-1 of the
operational amplifier 21. The adder teedback resistor R _ has
an end connected to the inverting input terminal 21-1 of the
operational amplifier 21 and another end connected to the
amplifier output terminal 21-3 of the operational amplifier
21. In other words, the adder feedback resistor R_ 1s con-
nected between the imverting input terminal 21-1 of the
operational amplifier 21 and the amplifier output terminal
21-3 of the operational amplifier 21.

The adder 20 further has an adder output terminal 20-0
connected to the amplifier output port 21-3 of the opera-
tional amplifier 21. The adder output terminal 20-0 produces
an adder output signal indicative of an addition result of the
first and the second circuit mput signals V, and V..

The low-pass filter 10' has a filter input terminal 10-1 and
a circuit output terminal 10-o. The filter input terminal 10-1
1s connected to the adder output terminal 20-0 of the adder
20. The filter input terminal 10-1 1s supplied with the adder
output signal as a filter mput signal. The circuit output
terminal 10-o produces a circuit output signal V_ . The
circuit output terminal 10-o0 1s called a filter output terminal
for producing the circuit output signal V_  as a filter output
signal.

The low-pass filter 10' comprises an operational amplifier
11, an amplifier input resistor R , an amplifier input capaci-
tor C,,,, a filter feedback resistor Ry, a filter feedback capaci-

1¥1?

tor C, and a filter input resistor R.

The operational amplifier 11 1s an inverting input port
11-1, an noninverting mput port 11-2, and an amplifier
output port 11-3 connected to the filter output terminal 10-o.
The inverting 1nput port 11-1 1s called a negative 1nput
terminal while the noninverting mput port 11-2 1s called a
positive mnput terminal. The noninverting input port 11-2 of
the operational amplifier 11 1s connected to a reference
voltage terminal 12 supplied with a reference voltage. In the
example being illustrated, the reference voltage terminal 12
1s an earth terminal supplied with a grounding or zero
voltage as the reference voltage.

The amplifier mput resistor R, has an end connected to
the mverting mput port 11-1 of the operational amplifier 11
and another end connected to a common node a,. In other
words, the amplifier mput resistor R 1s connected between
the mverting input port 11-1 of the operational amplifier 11
and the common node a,. The amplifier input capacitor C,,
1s connected to the reference voltage terminal 12 and the
common node a,. The filter feedback resistor R,1s connected
between the common node a, and the amplifier output port
11-3 of the operational amplifier 11. The filter feedback
capacitor C,1s connected between the inverting mput port
11-1 of the operational amplifier 11 and the amplifier output
port 11-3 of the operational amplifier 11.
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The filter mput resistor R, has an end connected to the
filter mput terminal 10-1 and another end connected to the
common node a,. That 1s, the filter input resistor R, 1s
connected between the filter mput terminal 10-1 and the
common node a,. The filter input resistor R, constitutes an
input impedance circuit 13.

With this structure, 1t will be assumed that the first and the
second circuit 1input signals V, and V, are supplied to the
first and the second circuit mnput terminals 20-11 and 20-12,
respectively. In this event, the adder 20 adds the first circuit
input signal V, to the second circuit input signal V,, to make
the adder output terminal 20-o0 produce the adder output
signal indicative of the addition result of the first and the
second circuit mput signals V, and V,. Subsequently, the
low-pass filter 10' removes a high-frequency component of
the adder output signal to make the filter output terminal
10-0 produce the low-pass filtered signal as the circuit
output signal V_ . The circuit output signal V_ . 1s repre-

sented by a following equation (1):

ﬁ.(ﬁﬂl”g +Rﬂv1) (1)
R R R.
VDHI‘: ; 5 b.m 1

(=) +(o) 5+

(e (¢

where j represents an imaginary unit which is equal to V-1,
m represents an angular frequency, m_ represents a cutofl
angular frequency, and Q represents sharpness of resonance.
In addition, the cutoff angular frequency w_ and the recip-
rocal of the sharpness of resonance (1/Q) are represented by
following equations (2) and (3):

1 (2)

(3)

However, mnasmuch as the conventional combinational
circuit comprises the adder 20 and the low-pass filter 10
cach of which 1s implemented by the operational amplifier
and other peripheral passive elements, the conventional
combinational circuit 1s disadvantageous 1n that it has a large
scale or size 1n circuitry and dissipates a significant amount
of power, as mentioned 1n the preamble of the instant
specification.

Referring to FIG. 3, the description will proceed to a
low-pass filter 10 according to a first embodiment of this
invention. The low-pass filter 10 1s similar and in structure
and operation to the conventional low-pass filter 10' 1llus-
trated 1n FIG. 2 except that the low-pass filter 10 comprises
first through N-th filter input terminals 10-11 to 10-1N 1n lieu
of the only one filter input terminal 10-1 and first through
N-th mput impedance circuits 13-1 to 13-N 1 place of the
only one 1mnput impedance circuit 13, where N represents a
positive 1nteger which 1s not less than two. Each of the
second through the N-th filter input terminals 10-12 to 10-1N
1s called an additional filter mput terminal. Each of the
second through the N-th mnput impedance circuits 13-1 to
13-N 1s referred to as an additional input impedance circuit.
The 1llustrated low-pass filter 10 1s a second order low-pass
filter with double feedback loop with a summing function. In
addition, the positive mteger N 1s equal to two.

The first and the second filter input terminal 10-11 and
10-12 are supplied with first and second {ilter input signals
V, and V,, respectively. The second filter mmput signal V., 1s
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called an additional filter input signal. The first mnput imped-
ance circuit 13-1 1s connected between the common node a,,
and the first filter input terminal 10-11 while the second 1nput
impedance circuit 13-2 1s connected between the common
node a, and the second filter nput terminal 10-12. The first
input impedance circuit 13-1 comprises a primary filter input
resistor R,_; connected between the common node a, and the
first filter mput terminal 10-11. Similarly, the second 1nput
impedance circuit 13-2 comprises a secondary filter input
resistor R, _, connected between the common node a, and the
second filer input terminal 10-12.

With this structure, an 1mpedance as seen from the com-

mon a, to the operation amplifier 11 side 1s constant. As a
result, two electric currents generated by the first and the
second filter input signals V, and V, are added to obtain an
added electric current and the added electric current 1s then

converted mto a voltage on the basis of a transfer function
given or defined by the impedance in the common node a,
to produce the voltage.

It will be presumed that the first and the second filter input
signals V, and V, are supplied to the first and the second
filter 1nput terminals 10-11 and 10-12, respectively. In this
event, addition of the first and the second filter input signals
V, and V,, and removal of a high-frequency component from
an added signal are carried out 1n the low-pass filter 10 to
make the filter output terminal 10-o produce a low-pass
filtered signal as the filter output signal V_ .. The filter
output signal V_ _1is represented by a following equation (4):

(4)

+

(Rng

Rf Vi ]
Ri» Ry
>

L) g

Vaur —

where 1 represents an 1imaginary unit which 1s equal to V-1,

m represents an angular frequency, w, represents a cutoft

angular frequency, and Q represents sharpness of resonance.
In addition, the cutoff angular frequency w, and the recip-
rocal of the sharpness of resonance (1/Q) are represented by
following equations (5) and (6):

1 (5)

(6)

Turning to FIGS. 4 and 5§, description will be made about
operation of the low-pass filter 10 illustrated 1n FIG. 3 by
referring to stmulation results. FIG. 4 shows a time chart for
use 1n describing operation of the low-pass filter 10 1llus-
trated 1n FIG. 3. In FIG. 4, the abscissa and the ordinate
represent a time (sec) and voltages (volt), respectively. FIG.
5 shows a Bode diagram representing a frequency charac-
teristic of the low-pass filter 10 1llustrated 1n FIG. 3. In FIG.
5, the abscissa represents a frequency (Hz) and the ordinate
represents a gain (dB) and a phase shift (deg.).

As shown 1n FIG. 4, 1t 1s understood that the filter output
signal V_ 1s a signal obtained by adding the first filter input
signals V, supplied to the first filter mnput terminal 10-11 to
the second filter input signal V., supplied to the second filter
input terminal. That 1s, FIG. 4 shows that the low-pass filter
10 has the adding or summing function.
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In addition, as shown 1n FIG. 5, 1t 1s understood that the
low-pass filter has the frequency characteristic where the
cgain of the low-pass filter 10 falls in a high frequency band
and the phase shift of the low-pass filter 10 becomes small
in the high frequency band. That 1s, FIG. 5 shows that the
low-pass filter 10 has a function as a second order low-pass

filter.
Although the low-pass filter 10 has two filter 1nput

terminals 10-11 and 10-12 for mputting two filter input
signals V, and V, to be added or summed 1n the above-
mentioned first embodiment, the low-pass filter may have
three or more filter i1nput terminals. Under the
circumstances, 1t 1s possible to 1ncrease the number of filter
input signals which should be added or summed up.
Referring to FIG. 6, the description will proceed to a
low-pass filter 10A according to a second embodiment of
this invention. The low-pass filter 10A 1s similar and in
structure and operation to the low-pass filter 10 illustrated in
FIG. 3 except that the first and the second 1nput impedance
circuits are modified from those 1llustrated in FIG. 3 as will

later become clear. The first and the second input impedance
circuits are therefore depicted at 13A-1 and 13A-2, respec-
tively. The 1llustrated low-pass filter 10A 1s a third order

low-pass filter with double feedback loop with a summing
function.

The first mnput 1impedance circuit 13A-1 comprises first
and second primary filter input resistors R,_; and R,,_; which
are connected between the common node a, and the first
filter input terminal 10-11 1n series, and a primary filter input
capacitor C,_, which 1s connected between the reference
voltage terminal 12 and a first connection a, between the
first and the second primary filter input resistors R,_; and
R, ..

Similarly, the second input impedance circuit 13A-2 com-
prises first and second secondary filter mnput resistors R, _,
and R,_, which are connected between the common node a,
and the second filer mput terminal 10-12 1n series, and a
secondary filter input capacitor C,_, which 1s connected
between the reference voltage terminal 12 and a second
connection a, between the first and the second secondary
filter input resistors R, _, and R, ,.

With this structure, 1t will be assumed that the first and the
second filter input signals V, and V, are supplied to the first
and the second filter input terminals 10-11 and 10-12, respec-
fively. In this event, in the similar manner which 1s described
as regards the low-pass filter 10 according to the above-
mentioned first embodiment, addition of the first and the
second filter mput signals V, and V, and removal of a
high-frequency component from an added signal are carried
out in the low-pass filter 10A to make the filter output
terminal 10-o0 produce a low-pass filtered signal as the filter
output signal V_ .

Turning to FIGS. 7 and 8, description will be made about
operation of the low-pass filter 10A 1llustrated 1in FIG. 6 by
referring to simulation results. FIG. 7 shows a time chart for
use 1n describing operation of the low-pass filter 10A
llustrated 1n FIG. 6. In FIG. 7, the abscissa and the ordinate
represent a time (sec) and voltages (volt), respectively. FIG.
8 shows a Bode diagram representing a frequency charac-
teristic of the low-pass filter 10A 1llustrated 1n FIG. 6. In
FIG. 8, the abscissa represents a frequency (Hz) and the
ordinate represents a gain (dB) and a phase shift (deg.).
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As shown 1 FIG. 7, it 1s understood that the filter output
signal V__.1s a signal obtained by adding the first filter input
signals V, supplied to the first filter mmput terminal 10-11 to
the second filter input signal V., supplied to the second filter
input terminal. That 1s, FIG. 7 shows that the low-pass filter
10A has the adding or summing function.

In addition, as shown 1n FIG. 8, it 1s understood that the
low-pass filter 10A has the frequency characteristic where
the gain of the low-pass filter 10A falls 1n a high frequency
band and the phase shift of the low-pass filter 10A becomes
small 1n the high frequency band. That 1s, FIG. 8 shows that
the low-pass filter 10A has a function as a third order
low-pass filter.

Although the low-pass filter 10A has two f{ilter input
terminals 10-11 and 10-12 for mputting two filter 1nput
signals V, and V, to be added or summed 1n the above-
mentioned second embodiment, the low-pass filter may have
three or more filter 1nput terminals. Under the
circumstances, it 1s possible to 1ncrease the number of filter
input signals which should be added or summed up.

Referring to FIG. 9, the description will proceed to a
low-pass filter 10B according to a third embodiment of this
invention. The low-pass filter 10B 1s a full differential type
low-pass filter with a summing function.

The 1llustrated low-pass filer 10B has first through N-th
positive filter input terminals 10-11+ to 10-1N+ supplied with
first through N-th positive mput signals V,, to V..,
respectively, where N represents a first positive integer
which 1s not less than two, and has first through M-th
negative filter input terminals 10-11- to 10-1iM- supplied
with first through M-th negative 1nput signals V,_ to V,,,
respectively, where M represents a second positive integer
which 1s not less than two. In the example being illustrate,
cach of the first and the second positive integers N and M 1s
equal to two.

The low-pass filter 10B comprises an operational ampli-
fier 11A, first and second amplifier input resistors R, , and
R. ., an amplifier input capacitor C, , first and second filter
feedback resistors Ry and R, first and second filter feed-
back capacitors Cy and Cp,, first and second positive 1nput
us 1impedance circuits 13-1+ and 13-2+, and first and second
negative 1nput impedance circuits 13-1- and 13-2-.

The operational amplifier 11A has inverting and nonin-
verting nput ports 11-1 and 11-2, and inverting and nonin-
verting amplifier output ports 11-3- and 11-3+ for producing,
inverted and noninverted amplifier output signals.

The first amplifier input resistor R, . has an end connected
to the noninverting input port 11-2 of the operational ampli-
fier 11A and another end connected to a positive common
node a,,. In other words, the first amplifier input resistor
R. . 1s connected between the noninverting mput port 11-2
of the operational amplifier 11A and the positive common
node a,,. Likewise, the second amplifier input resistor R, ,
has an end connected to the inverting input port 11-1 of the
operational amplifier 11 A and another end connected to a
negative common node a,_. The amplifier input capacitor
C. 1s connected between the positive and the negative
common nodes a,, and a,_.

The first filter feedback resistor R, 1s connected between
the positive common node a,, and the inverting amplifier

output port 11-3— of the operational amplifier 11A.
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Similarly, the second filter feedback resistor R, 1s connected
between the negative common node a,_ and the noninvert-
ing amplifier output port 11-3+ of the operational amplifier
11A. The first filter feedback capacitor C, 1s connected
between the noninverting 1input port 11-2 of the operational
amplifier 11A and the inverting amplifier output port 11-3-
of the operational amplifier 11A. Similarly, the second filter
feedback capacitor C,, 18 connected between the inverting
mnput port 11-1 of the operational amplifier 11A and the

noninverting amplifier output port 11-3+ of the operational
amplifier 11A.

The first positive mput impedance circuit 13-1+ 1s con-
nected between the positive common node a,, and the first
positive filter input terminal 10-11+. Likewise, the second
positive input impedance circuit 13-2+ 1s connected between
the positive common node a,, and the second positive filter
mput terminal 10-12+. Similarly, the first negative 1nput
impedance circuit 13-1- 1s connected between the negative
common node a,_ and the first negative filter input terminal
10-11-. Likewise, the second negative mnput impedance
circuit 13-2— 1s connected between the negative common
node a,_ and the second negative filter input terminal
10-12-.

In the example being illustrated, the first and the second
positive input impedance circuits 13-1+ and 13-2+ comprise
first and second positive filter input resistors R, _,, and R,
which are connected between the positive common node a,,,
and the first and the second positive filter input terminals
10-11+ and 10-12+, respectively. Similarly, the first and the
second negative mput impedance circuits 13-1- and 13-2-
comprise first and second negative filter input resistors R, _
and R,_,_ which are connected between the negative com-
mon node a, _ and the first and the second negative filter
mput terminals 10-11- and 10-12—, respectively.

The low-pass filter 10B further has an inverting filter
output terminal 10-0— and a noninverting filter output ter-
minal 10-0+. The inverting {filter output terminal 10-0- 1is
connected to the mverting amplifier output port 11-3- of the
operational amplifier 11A. The inverting filter output termi-
nal 10-o0- produces the inverted amplifier output signal as an
inverted filter output signal. Likewise, the noninverting filter
output terminal 10-0+ 1s connected to the noninverting
amplifier output port 11-3+ of the operational amplifier 11A.
the noninverting filter output terminal 10-0+ produces the
noninverted amplifier output signal as a noninverted filter
output signal.

While this invention has thus far been described 1n
conjunction with a few preferred embodiments thereof, 1t
will now be readily possible for those skilled 1n the art to put
this invention into various other manners.

What 1s claimed is:
1. A low-pass filter comprising:

first through N-th positive filter input terminals supplied
with first through N-th positive filter mput signals,
respectively, where N represents a first positive integer
which 1s not less than two;

first through M-th negative filter input terminals supplied
with first through M-th negative filter input signals,
respectively, where M represents a second positive
integer which 1s not less than two;

an operational amplifier having mverting and noninvert-
ing 1mput ports, and mverting and noninverting ampli-
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fier output ports for producing inverted and noninverted
amplifier output signals, respectively;

a first amplifier input resistor having an end connected to
the noninverting input port of said operational amplifier
and another end connected to a positive common node;

a second amplifier input resistor having an end connected
to the inverting 1input port of said operational amplifier
and another end connected to a negative common node;

an amplifier input capacitor connected between the posi-
tive and the negative common nodes;

a first filter feedback resistor connected between the
positive common node and the inverting amplifier
output port of said operational amplifier;

a second filter feedback resistor connected between the
negative common node and the noninverting amplifier
output port of said operational amplifier;

a first filter feedback capacitor connected between the
noninverting mmput port of said operational amplifier
and the inverting amplifier output port of said opera-
tional amplifier;

a second {ilter feedback capacitor connected between the
inverting mput port of said operational amplifier and
the noninverting amplifier output port of said opera-
tional amplifier;

first through N-th positive mput impedance circuits con-
nected between the positive common node and said first
through said N-th positive filter input terminals, respec-
tively;
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first through M-th negative input impedance circuits con-
nected between the negative common node and said
first through said M-th negative filter imnput terminals,
respectively;

an 1verting filter output terminal, connected to the 1nvert-
ing amplifier output port of said operational amplifier,
for producing the inverted amplifier output signal as an
inverted filter output signal; and

a noninverting filter output terminal, connected to the
noninverting amplifier output port of said operational
amplifier, for producing the noninverted amplifier out-
put signal as a noninverted filter output signal.

2. A low-pass filter as claimed 1n claim 1, wherein said

first through said N-th positive mput impedance circuits

comprise first through N-th positive filter input resistors
connected between the positive common node and said first
through said N-th positive filter input terminals,
respectively, said first through said M-th negative input
impedance circuits comprising first through M-th negative
filter mput resistors connected between the negative com-
mon node and said first through said M-th negative filter
input terminals, respectively.
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